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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Lfvak, Susan J.A. Flood, Jeffrey Marmaro, William Gtusti, and Karin Deetz 

Perkln-Clmcr, Applied Hi stems Division, Hosier CUy, California 94404 



: The 5' nuel«AM PCtt mtsmy d«t»ct* tH« 

< Accumulation of specific PCR product 

* by hybridization and cleavage of a 
double-labeled fluoropenlc probe 
during the amplification reaction* 
Th« probe Is an oligonucleotide with 

• both a raporter fluorescent dye ami a 
quencher dye attached. An Increase 
In reporter fluorescence intensity In- 
dicates that the probe has hybridized 
to the target t»CR product and h«» 

< been cleaved by the 5'-**' nude- 
olytlc activity of Taq DNA pol r nter«*e« 
In thh study, probes with the 

• quencher dy« attached to an Internal 
nucleotide were compared with 
probes with the quencher dye at- 
tached to the * -end nucleotide. In all 

1 caics, the reporter dye was attached 
to the 5' end. All Intact probes 
t showed quenching of the reporter 
fluorescence. In general, probes with 

♦ the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the | argv:r »| 0 n«l U 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the V-end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridised to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlxa- 



homogeneous stunsty far detecting 
the mxi" nutation of specific l*CR prod- 
uct that uw$ a double-labeled fluoro 
genie probe was described by Leu et al/ 1 * 
The assay exploit!; the 5' ■ » 3' nude- 
olytlc activity of Taq DNA poly- 
iatiaat? <7 MnO b diagramed in Mgure 1. 
The fluorogenit: piijlni votistetsr of an oli- 
gonucleotide with u reporter fluorescent 
dye, mkIi «j. u fluorescein, attached to 
the 5' end; and <t quencher dye, such as a 
rhodamine, attached internally. When 
the fluorescein Is excited by irradiation, 
Us fluorescent omission will be 
quenched if the iiimhuiiinc is close 
enough to be excited through the pro- 
cess of fluorescence energy trans) er 
During PCR, If the probe is hy. 
brtdized to a template shaml, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent 5.' 3' nucleoiytic 
activity. If the cleavage occurs between 
Die fluorescein and rhOdaminc dyes, it 
causes an increase in fJuoicsvvin fluores- 
cence intensity because the fluorescein 
i* uu longer quenched. "The Increase in 
fluorescein fluorescence Intensity icidi* 
catcs thut the probe-specific I'CR product 
has bin:" generated. Thus, PET between a 
lejKJitn dye and a quencher dye is criti- 
cal to the performance of Hie piobe lu 

Quenching is completely dependent 
on the phyAic&l proximity of the two 
dyes/ 10 Because of this, it has In-otn as- 
sumed that the quencher dye mu»L be 
attached neai the S # end. Surprisingly, 
we have found that attaching a rho- 
datuiite dye nl the 3' cud of a \nu\tK 



I*CR assay. lUrthermore, cleavage of this' 
type of probe is not required to achieve 
some reduction In quencftlng. .Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluorcs* 
Cence when double-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble* labeled probe for homogeneous de- 
tection of nucleic acid hybridization! 



MATERIALS AND METHODS 

Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
Study. Linker arm nucleotide. (LAN) 
phosphoramidfic was obtained from 
OJen Research. The standard i>NA plios- 
phorainidites, 6-carboxyfluorcscein (6* 
FAM) nhosphorainidite, <S-carboxytet> 
ramethylrhodaminc succinlmidyl ester 
(TAMRA NHS ester); and Phosphalink 
for attaching a ^'-blocking phosphate, 
were obtained riom Per kin-Elmer, Ap- 
plied Blosystems Uivi*ion. Oligonucle- 
otide synthesis was performed using an 
ABI model 304 t>NA synthesizer (Applied 
Blosystems). Primer and complement 
oligonucleotides were purified using 
OHgu runHciititJii Cartridges (Applied 
Blosystetm). l>i/ubk-luln:h:d jirobo were 
^ynthrslml with o-FAM*labeled phov 
phwi d mi di t« the: ,V mid, JAN rvpludng 
one 4>f tlje Ts in the sequence, and Phos- 
phalink at the 3' end, Following de- 
piuttxtlou and etliurioi precipitation, 
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FICUR£ 1 Diagram of 5' nuclease assay. Stepwise representation of rtie 5' -* 3' nucieolytfc ac- 
tivity of 7toj UNA polymerase acting on a fiuurugcnk probe UurJiiK one extension phase «f I'CR, 



idm Nft-bicarbonftte buffer (pi 1 9.0) At 
room temperature. Unrcacicd dye wa$ 

leiiiuvcrd by p<ttM&e ovei a I1M0 Scpllti* 

dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(IIPUI) u.iing an Aquaporc C« 220x4.6- 
mm column with 7^m particle sice. 'Itic 
column was developed with a 24*min 
linear gradient of $-20% ucctonHrilc in 
0,) m T£AA (triethylamlnc acetate), 
Probes are named by designating the se- 
quence from Tabic 1 and the position of 
the IAN -TAMRA moiety. Vot example, 

probe Al-7 has sequence Al with LAN- 
TAMRA at nucleotide position ? from the 
.V end. 



t*CR *y>tcm> 

All IHJR amplifications were performed 
in the Pcikin-Clmer CcncAmp PGR Sys- 
tem 960U using M>-nJ reactions thai con- 
tained 10 mM Ttls-HCJ (pH 8.3), 50 inM 
KCI, 200 ftM rJA'lT, 200 |tM dCJV, 2U0 \xm 
dCiTP, 400 (lm dUTP, OA unit of AmpEr- 
ase uracil N-glycosylase (PerJcin^Eimer), 



gene (nucleotides 2141-2435 in the ae* 
quence of Nokallma-lljlnia ci al.) m was 
amplified using piimerb AFP and AftP 
(Table 1), which are modified slightly 
from those of du Rrcuil ct ah W) Aclln am- 
plification reactions contained 4 niM 
M S<3* 20 ng or human genomic J>NA, 
50 dm Al or A3 probe, and 300 nw each 



TABLE 1 Sequenced of Oligonucleotide* 



primer. The thermal regimen was S0°0 
<2 mln), M*C (10 mtn), 40 cycles of WT, 
(20 sec), 60°C (1 mln) f and hold at 72°C. 
A 515-bp segment wax amplified from a 
pJasmld that consists o< a segment ol X 
DNA (nucleotide* 32,220-32,747) in- 
serted in the Smal site of vector pUCl 19. 
Thesi* reaction* UHitalmttl :-t.5 him 
MgC| 2 , 1 ng of plasmid DNA, SO riM P2 or 
PS probe, 200 nw primer FUf>, and 200 
um pjuiiiM R119. The thermal regJmcn 
WW 50*C (2 min), V5*C (10 mln), 2* cy- 
cle* Of 9$"C (20 sec), 5rc (1 mln), <uu! 
hold at 72>C, 



tlunrr&cencr Detection 

Vot each amplification reaction, a 4U-|a1 
aliquot of a sample was transferred to an 
individual well of a white, 0<Uw«H micro, 
titer plate (rerkin-lUmer). Fluorescence 
was measured on the i'crkin-KJmcr Taq- 
Man Lii-50U System, which consists of a 
luminescence spectrometer with plale 
reader as&embly, a 4B5*nm excitation fiU 
ler, and a MS-nm emission filler. Excita- 
tion was at 488 nm using a ,S*nm slit 
width. Emission was measured at 518 

nm for 6-1 -AM (the. reporter or H value) 
And &&2 nm for TAMllA (the quencher or 
Q valuer) using a 10-nm slit width. To 

determine the inLieasc in icpoitei mils- 
*lon that h caused by cleavage of the 
probe during KX three normalizations 
arc applied to the raw emi.s*ion data. 
Pirst, cmls&ion lmcmlty of a buffet blank 
h subtracted for each wavelength. Sec- 
ond, emiislon intensity of the reporicr is 



Name 


'type 


.Sequetiu*. 


P119 


pmuer 


ACCCACAC50AAW.AJ CAtX^CfC 


HU9 


prixnvr 


AixsTcocxiTrccxKScrcAcxmm ac 




probv 


•| (XK^'rXACIXlAlXXrilXJCtJAACXVVCTp 


P2c: 


complement 


ClACrc3GrrCCCAACX;ATCA<STAATOCr^V'lC 


PS 


probe 


cuOA'rriGCiXiO'rA'iXjrATx^cAAccAiv 


P5C 


ccrnplomciii 


WATCCTTGTCATACA1 ACX^OCAAA'I CCC 


APP 


primer 


TCACCCACACTGTGCCCATCTACQA 


ARr 


primer 


CACKXfUAACXXiCI XAITOU'AATOU 


Al 


protie 


AT(^CiC<XXX^i^C<^lCCUXK^^ 


Air. 


compl«invrit 


A(L\tx:r^t;tiAn;<:(jvTtx:c;c;t;At:c(KU'rAC 


A3 


plOUC 


CGCXXOX50AC1W/3AO^AAOAOA1|» 


A$C. 


cunipleiueut 





Tor each oliKonu^lcutidc used in litis Atudy, the nucleic add wqwncc U given, written in the 
5* » V diryetiou. Theie *re three typea of oligonudrolidw; PCR primer* fluorogenic probe used 



CTOlgl 



30H2 



20S6 09i. 6?6 TVd ZQOZ/SO/ZT 



From : BML 



*T AVAILABLE OQteYb. ; 318 472 0905 



Dec. 05 2002 12:i6ftM P05 



IIIHIResearch 



Arc 
•vc 

rc 

:»f X 
In- 
119. 
mu 
I ur 
200 
neii 
c y - 



-TO- 

'iq. 

rfa 

lute 
fll- 

Ha- 
MU 
518 

r or 
10 
lis* 

the 

Jus 
Ha. 
»n*c 
•ec- 
rlS 



A1-2 
A1*7 
A1-14 
A1-10 
A1 -fift 



Prob* 


618 nm 


682 nm 


no- 




AftQ 




Art tAlt\p. 


« t**r>. 


no Umtx 










AL2 


3« 5 1L Z;1 


92.7 A 1.0 






OSf * 0.01 


0,60 J 0.0(5 




A1»7 


03 0 i 4.3 


308,1*21.4 


108.6^64 


110-3 *S-3- 


040 *0.0* 


3,56*017 


3XKJ*0,I8 


AM 4 


127,0* 4.9 


403.5* tfi.1 


tG0,*±$.3 


03.1 i 6.3 


i.ie A 0,03 


4,34iO.I5 


3.18*0.1$ 


A<M9 




ia?.T.i 7.7 


70.3 * 7^ 


73,0 A P,0 


2.67 1 0.06 


6.B04.0.16 


3,13 a 0.16 


A1-22 


J 0,4 


4Sfi,L»a:43.6 


100.0 ±4.0 


06£io.e 


C2£ a 0.03 


5.02 1 0,1 1 


©.77.10.12 




160,2 J 0 9 


464.1 11 t(,4 






1,/fc ± 


b.01±0AW 





flCURE 2 Rvwlls-oC 5' uudr«r »*"nparin$ p-aeUn probe* with TAMRA At<IHfrrmt micle 
otkU positions. As described In Materials and Methods, if Jt amplifications containing the In- 
dicated piob« were performed, and the fJuurcuvuncc omission was measured at 51 8 and 582 nm. 
Reported value* arc the average* 1 s.o^ for six reaction* ran without added template (no temp.) 
and six reactions run with template H temp.). The RQ ratio was calculated fox each individual 
reaction and averaged to give the reported RQ" and HQ 1 values. 



award by the emission intensity of the 
quencher to give an RQ ratio for each 
reaction tube. Tills normalizes tor wcll- 
to-well variations in probe concentra- 
tion and fluorescence measurement Vu 
» nally, ARQ is calculated by subtracting 
mc KQ vglue of the no-ttmplate control 
(RQ -) from the RQ value for ill* win* 
pletc reaction including template 
(RQ'). 

RESULTS 

A senes of probes with increasing dis- 
tances between the fluorescein rcponci 
and rhodaml ne quencher weie tested to 
investigate the minimum and maximum 
spacing that would give an ctcceprable 
performance in the 5' nuclease rCH as* 
jay. Tnese probes Hybridize to a target 



.sequence in the human p-acttn ge.ntt. 
Hguic 2 shows the remits of an experi- 
meril in which these probes were In- 
cluded in PGR lhal amplified a segment 
of the p-iullii g«in- unUainliig the Uigct 
sequci icr- IWwn nance hi the S 1 nu- 
clease I'CR assay is monitored by the 
magnitude of AkQ, which h o measure 
of the increase in reponcr fluorexwer 
u»u»cd by PCR amplification of the 
probe target. Probe Al-2 ha* a arq value 
that is close to rero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. Thlh aug- 
gc^U that with the quencher dye on die 
second nucleotide from the end, there 
is insufficient khiui Jim Ttiq polymerase 
tocleove efficiently between the reporter 
and quvnehei, The other five probes ex- 
hibited comparable ARQ values thai are 



clearly different from zero, 'rhus, all five 
probc» arc befog cleaved during K;k am- 
plification faulting hi a MinUar Increase 
III teporter nuuresceJicc. it should be 
noted that complete digestion of a probe 
produces a much iacger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
In reactions where amplification occur*, 
the majority of probe molecules remain 
uiiclcaved. H is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes Utile with 
amplification nf the target 1 his is whal 
allows us to use the &82»nm fluorescence 
reading as a normalisation factor. 

The magnihidH nf HQ* d^ponrH 
moinly on the qnenching efficiency in- 
h«rft nr in the specific .structure ol the 
probe and the purity of the ollgonucle 
otide. Thus, the larger HQ" values Indi- 
cate that pro&es AM4, AJ -19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with A1-7, SU1U the degree 
of quenching is sufficient to detect n 
highly significant increase In reporter 
fluorescence when eacli of thttwt prc>i)c3* 
ia cleaved during PCR. 

To further investigate the ability of 
TAMRA on the 3' end to quench r^PAM 
on the 5' end, three additional poire of 
probes were tested in the 5' nuclease 
PCR assay, Foi each pair, one probe has 
TAMRA attached to no internal nude- 
ullde and the othei has TAMRA attached 
to the 3' end nucleotide. The results arc 
shown in Tabic hor all three sets, the 
probe with the 3' quencher exhibits u 
ARQ value that b considerably liiRhei 
than for the probe with the internal 
quencher, The RQ* values suggest ihnl 
differences in quenching arc not as flrr.ut 
as those observed with some of the Al 
pTobca. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TO 



TABLE 2 Kesults of S' Nuclease Assay Comparing Probes willi TAMRA Attached to ah Internal or 3 , -terminal Nucleotide 



618 run 



Sfft ntn 





^robe 


no temp. 


+ temp. 


no U*Uip. 


+ temp. 


RQ 


HQ* 


AKQ 


AC 


, A3-6 
A3-24 


54.6 ± 3,2 
72.1 * 2.9 


84.* z :t.7 
236^4 11.1 


116*2 & 6.4 
ft4.2*4.0 


90.2 i 3.8 


0.47 a. 0.02 
0.86 a 0.02 


0.73 s. 0.0H 
2,62 ± 0.05 


0,26 ± 0M 
1.76 ± 0,05 


the 


17-7 
1*2-27 


S2.8 3. 4.4 
113.4 -6.6 


384,01 34.1 
555.4 ± 14.1 


10^.1 X 6.4 
140.7 * 8,3 


120.4 a- 10.Z 
118.7 2:4,8 


0.79 1 0.02 
0,81 ± 0X11 


3.19 * ai6 
4.68 ±0.10 


2.40 •* O.H. 
3.88 y 0.10 


;ed 
Int- 
nl. 


PS-10 
P5-28 


77^ ± 6J5 
64*0 i S.Z 


244.4 a 15.9 
333.6 ± 12.1 


86.7 ± 4.3 
1(K),6 * 6J 


9S.B 6,7 
947 X 6.3 


0.09 * 0.05 
0A^ ± 0,02 


2^5* 0.06 
3.53 it 0.12 


1.66 £ 0.08 
2.89 d 0.13 



- l-a — .w* ^t, **«* nwtKM Bnri f-au-nUiinns wiirr oertormed us dexrlbed h> Malerloi «ud Methods and in the legend to Wg. 2. 
fT0 ® eORH 20S8 09Z 8^8 JYd LSitX ZQOZ/SQ/ZX 
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fluorescence of a farter dye on the *' 
end. The degree of quenching & Suffi- 
cioal fur (hi* type of oligonucleotide to 
be used as a probe in the .V nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a 3* TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
mcasuictd fur probes in the Single- 
stranded and double stranded states Tft- 
hl* 3 reports Die fluorescence observed 
at S18 and S82 Jim. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio. )kit probes with TAMRA 
*-l0 nucleotides from the 5' end, then.* 
Is little difference In the HQ values when 
aimparins single-stranded with double- 
stranded oligonucleotides, The results 
for probes with TAMRA *< the 3' end are 
much different. For these probes, hy» 
bridfeatfon to a complementary strand 
causes a dramatic Increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double* 
Stranded ?>NA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Mg* ' effect on 
quenching Figure 3 shows a plot of ob- 
served RQ values for the Al scries of 
probes as a function of Mg 2 " 1 concentra- 
tion. Wjih TAMRA attached near the 5' 
end (prohe Al-2 or AU7) t the RQ value at 
0 tUM Mg 2 - is only Slightly higher than 
RQ at 10 inw Mg**. l>or probes AM9, 
Al-22, and Al>26, the RQ values at 0 mM 
Mg*' are very high, Indicating a much 



raduccd quenching efficiency. For each 
of these probes, theie. h a marked de- 
crease in KQ at 1 mM Mg* 4 followed by 
u gradual decline as the Mg* 1 tuuccii- 
tration increases to 10 mM, 1'iube A1-14 
shows ah intermediate RQ value at 0 niM 
U$ 74 with a gradual decline at hlgncr 
Mr* 4 coiKenljatlwiJs. In a low-sail en- 
vironment with no Mg a " present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mat ion because of elcctrosiatlc repul- 
sion. The binding of Mg a + ions acts to 
shield the negative charge of the phos- 
phate backbone so that the Oligonucle- 
otide can adopt conformations where 
the 3' end is close to the 5' end. Inhere- 
fore, the observed Mg 2 • effects support 
the notion that quenching ol a 5V re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the riiodamine dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-l ; AM) placed at 
the 5' end. This Implies that a single- 
stranded, double-labeled oligonucle- 
otide must he able to adopt conforma 
tions where the TAMRA Is close to the 5' 
end. It should lie noted that the decay of 
6-PAM In the excited state requires a cer- 
tain amount of time. Therefore, what 



TABIC 3 Comparison of PlumcAcoKc Bnd>»2uii3 of sirigte-tfrancfcd and 
Douhh;.*4r*ndcd Fluorogenic Probe* 



SI* nm 



58?. nm 



RQ 



ds 



99 



ds 



A1-V 

A L26 

AU 

A.V24 

P2-? 

J'2-27 

PS-JO 



27,75 
43.31 
16.75 
30.05 
35.02 

3v.ft9 

27.34 
33.65 



68.53 
509.38 

<>%BH 
578.64 

70.1.1 
320,47 
144.65 
4<S2,29 



61.08 
53.50 
39.33 
07.77. 
M.63 
65.1U 
61,*5 



138.18 
93.86 
K.5.57 
140.25 
121.09 
61 .13 
165.54 
104.6] 



0.45 
0.81 
0.43 
0.45 
0.64 
0.61 
0.44 
0.46 



0.50 
5.43 
0.38 
3.21 
0.58 
5^5 
0.67 
4.43 



(as) Single-stranded, The fluorescence emissions at 538 or 582 nm for solutions containing a final 
concentration of 50 nu indicated probe, 10 mM wia <pH 8,3). 50 dim KCI. and 10 mM MgCL. 
(as) DoufatiMttrandrd. *lTi« solutions contained, in addition, 100 km AlC for probes Al-7 and 
A J. 26. 100 nu A3C for probes A3-6 and A3-24, 100 nM l*2C for tintliey and P2-7.7, or 100 nM 
T5C fur probes »44o and iicforc tnc addition Of Mxttv, 1 W yd of eacli rumple was neatctf 



matter* for quenching is nut the avcra; 
distance between 6*am and TAMP 
but, rather, how close TAMRA can get I 
6*FAM during die lifenme Of the 6-FAI 
excited state. As long the decay time i 
the excited state IS relatively long cuu 
pared with the molecular motions of tr 
oligonucleotide, quenching can occu 
Thus, we propose that TAMRA at Die ; 
end, or any other position, can queue 
o-FAM at the 5' end because TAMRA Is i 
proximity to ft'*KAM often enough to t 
able to accept energy transfer from a 
excited 6*fam. 

Details of the fluorescence mcasun 
mcnts remain puzzling. For example, *tt 
bic 3 shows that hybridization of probe 
Al-26, A3-24, and to their coroph 
memary strands nor only causes a larg 
increase in 6-PAM fluorescence at 51 
run but also causes a modest increase i 
TAMRA fluorescence at 582 nm. ] 
JAM HA Is being excited by energy tram 
fcr from quenched 6-rAM, then loss c 
quenching attributable to hybridizatloi 
should cause a decrease in the fiuorc? 
cence emission of TAMRA, the fact tha 
the fluorescence emission of TAMRA In 
creases indicates that the situation t 
more complex. For example, we have an 
ecdoiai evidence that the bases of th 
Oligonucleotide, especially quencl 
the fluorescence of both 0*FAM an< 
TAMRA to some degree. When double 
stranded, base-pairing may reduce tin 
ability of the bases to quench. The. pd 
iuary factor causing the quenching o 
6-MM in an intact probe is the TAMR/* 
dye Evidence for the Importance o 
TAMRA is that 6 KAM nutiutsceno 
remains rela lively unchanged whei 
probes labulvd only with 6-FAM are ustn 
in the &' nuclease I'CR assay (data no 
shown). .Secondary effectors of fluores 
cenee, both before and aftei cleavage o 
the. probe, need to be. explored further. 

Regardless of the physical mocha 
nism, the relative independence of posl 
tion and quenching greatly simplify 
the design of probes for the S' nudcaM 
PCR assay. There are three main factor! 
that determine: the performance of t 
double-labeled fluorescent probe In tlx 
6' nuclease 1>CR assay. The first factor U 
the degree of quenching oljservcd In tht 
intact probe. This ts characterized by the 
value of RQ # which Is the ratio of re 
porter to quencher fluorescent cmis 
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fICURE 3 KTfeei.or Mg R « eoncantration on RQ ratio for the Al seriei of probes. Hie fluorescence 
emission Intensity al S18 and 5S2 ntn was measured for solutions containing 50 om probe, JOrtlM 
Trls-HC! (pH 50 mM KC1, *»nd varying aniounu (0-10 nut) of MgQ a . Jbe dim Men I 
ratios (£1 a nm intensity divided hy ,SR2 nm intensity) an- ploUod vs, MgCl a concentration (mM 

M K ). 'Hit: key <4^/w ri$h/) *huw» the jnutna CAmuimrd. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context cifccU, presence of structure or 
othei foc-Lurs that reduce flexibility uf 
the oligonucleotide, and purity of the 
probe. The second factor ix the efficiency 
- tif Iiybudiialian, which depends on 
probe 7^, presence of secondary struc- 
turc In probe or template, annealing 
■ temperature, and other reaction condi- 
tions. The ihlrd factor Is the efficiency at 
' which Taq L>NA polymerase deaves the 
, bound probe between the reporter and 
quencher dyes. This cleavage Is depen- 
dent on sequence complementarity be- 
rween probe and template as shown by 
Uie observation that mismatches in Ihc 
segment between reporter and quencher 
dyes drastically rvduiv the cleavage vt 
probe. (1> 

The rise in HQ* values for the Al se* 
nes of probes seems to Indicate that the 
degree or quenching is reduced some- 
what as the quencher is placed toward 
the 3' end Ihe lowest apparent quench- 
ing Is observed for probe Al-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3* end (ai-26). This is 
understandable, a* the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an Internal position. In effect, a 
quencher ai Uk 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 

1 •W^ ««U A » lhr<M v«*tf r\€ 

9T0lgj 



probes, the interpretation of RQ values 
is lew clear-cut/the A3 probes show the 
same trend as Al, with the 3' TAMRA 
piobc having a taiger RQ than the In- 
ternal TAMRA probe. Por the P2 pah, 
both prober have about the .same RQ * 
value. Poi the PS probes, die RQ far Uk- 
y probe is less than tor the internally 
labeled probe. Another factor that may 

explain some of the observed variation i* 
that purity affect? the RQ" value. AU 
though all probes are HPLG puiifitrd, a 
small amount of contamination with 
unquenched reporter rain have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on decree of quenching, the posi- 
tion of the quencher apparently urn 
have a large effect on the efficiency of 
piobc cleavage. The moxt drastic effect is 
observed with probe Al*2, where place* 
mem of the TAMRA on the second nu- 
cleotide i«duua the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMKA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming tlmt piobe* 
with TAMRA at the 3' end are more likely 
to be cleaved t/etwm> leporiei and 
quencher than arc probes with TAMRA 
attached internally. Tor the A1 probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher ft 
nUrwl rioter tn tht» .V end. This illus- 



trates the importance nf being able to 
use probes with a quencher on the 3' 
end in the S' nuclease PCU assay. In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between llic 
reporter and quencher dyes. By placing 
the luporlur and queue! ilm dye& on the 
opposite endii of an oligonucleotide 
probe, any cloavage that occurs will be 
detected. Whcn/thc quencher is mnichcd 
lo an Internal nucleotide, sometimes the 
piobe work* well (Al-7) arid other lliitea 
not so w*U (A3-6). Tlic relatively poor 
performance of probe A3-6 presumably 
means the probe it being cleaved 3' to 
the quencher rothor than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that rcli- 
ubly detects accumulation of PGR prod- 
uct in the V nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight boncllt in 
terms of hybridisation efficiency. Hie 
presence of o quencher attached to an 
Internal nucleotide might be expected to 
dlirupt base-pairing and reduce the T n> 
of a probe, in fact, a 2KUTCi reduction 
In T m ha^ been observed for two probes 
Willi inieiiidlly atUtdied TAMUAs/** llii^ 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probe* wifh 3' quenchers might exhibit 
idifthtly higher hybridization efficiencies 
(hail piolKLS wiili interna] qucnclieix. 

The combination of increased cleav- 
age and hybridisation efficiencies means 
that prol>es with 3* quenchers probably 
will be more tolerant of mismatches be- 
tween probe ond target a* compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 

probe to detect PCK-amplificd products 
from haiupleNufdifftienl species. Also, it 
mean's that cleavage of probe during PGR 
is less sensitive to alteration* in ArV 
ncaling temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Ixic 
ct al.* 1 * demonstrated that allele-speciflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish die normal 
human cystic fibrosis allele from the 
AFS08 mutant Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Kffect of Mg* 1 t'oncemretJun on RQ ratio for tlic A3 series of probes. "ibe fHiorttxcutic* 
emission intensity at M ft and 582 nm was measured for solution* containing 50 om probe, )0 mM 
TriJt-lIQ (pH 8.3), 50 tom and varying amounts (0 10 ium) of Mgd*. The calculated RQ 
ratios (mh nm Intensity divided by 5«2 mn intensity) arc plotted vs. MrCIj concmrmtiun <?«m 
Mr). The key (upper /^Ju) ihows the ptobes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence, 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor IS the efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture In probe or template/ annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq 1>NA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation thac mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
prohe. (l> 

'the rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching is reduced some* 
what as the quencher is placed toward 
the 3' end, The lowest apparent quench- 
ing is observed for probe A1-19 (see Fig, 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al«26). This is 
understandable, as the conformation uf 
the S end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than Is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ' Values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ" than tho in- 
fernal TAMRA probe. For the P2 pah, 
both probes have about the same RQ 
value- I'or the PS probes, the RQ' for the 
3* probe Is less than foi the mUnnally 
labeled probe. Another factor that may 
explain some of the observed variation Is 
that purliy affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place* 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost ^cro. For the A3, P2, and P5 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end ate more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end. This Ulus- 
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tratoi the importance of beiitft able in 
use probes with a quencher on the 3' 
end in the V nuclease i'Clt assay, in this 
assay, an increase In tho intensity of re 
porter fluorescence h observed only 
when the probe is cleaved between the 
re|K»rtcr and quencher dyes. Hy placing 
tho reporter and quencher dye* on tho 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will lw 
detected. When the quencher u attached 
to Jn intc-ioal nucleotide, frvnicilnun, the 
probe works well (Al-7) other times 
not so well (A3*6). The relatively poor 
performance of probe presumably 
means the probe is being cloavod 3' to 
the. quencher rather than between the 
reporter and quencher. Thar** tore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in ihc 5' nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms oi hybridization efficiency, 'inc. 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact a 2*C-3 g C reduction 
in 7^ has been observed foT two probes 
with internally attached TAMRAs/ 9 ' This 
disruptive effect Would DC minimised by 
placing the quencher at the 3 1 end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cleav. 
age and hybridization efficiencies means 
that probes with 3 # quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be. advanta* 
gcous, as when trying to use a single 
probe to detect PCR-amplihed products 
from samples of different species. Also, It 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Ue 
et al/" demonstrated that allcic-speclnc 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This al* 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFSOS mutant. TheiT probes had TAMRA 
attached to the seventh nucleotide from 
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thw V end *nd wew designed so that any 
mismatches were between the reporter 
and quencher, lncrea»in& the distance 
twttwaon reporter and quench *tr would 

lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached \o an internal 
nucleotide may still be useful for allelic 
dl^rrlminatlon. 

In this study lost of quonchlng upon 
hybridisation wo» used to show that 
quenching by a 3 1 TAMRA In dependent 
on the flexibility uf a single-stranded oli- 
gonucleotide The Increase in reporter 
fluorescence intensity, though, could 
alio be u*ed to determine whether hy. 
brldization has occurred or nor. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to delect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ir^tion assays for diagnostic* or other ap- 
plications. Bagwell Ct al, uo> describe just 
this typo of homogeneous assay where 
hybridization of a probe causrs an in- 
crease In fluorescence cauacd by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both end* of the 
probe sequence to form two imperfect 
hairpins. ITie results presented here 
demuiiyuate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the oUiui 
end generate a fluorogonic probe thqt 
can detect hybridization or I'CK amplifi- 
cation. 
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